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extension services were not ''up to the task," and there was a lack Of adequate
infonnation on the fertilizer requirements ofthe different soils. The second reason
implicitly assumes that the weakresponse to fertilizer is due to lack ofknowledge.
This mayor may not be the case, but as it is not an important issue for this
discussion it is not pursued further.
Because high-yielding varieties respond well to fertilization, once they were
introduced, the use offertilizer increased dramatically. Forthe districts includedin
this study, application offertilizer per hectare increased from 1· kilogram in 1960
to 105 kilograms in 1979. The 1979 figure is aimost as large as that for the United
States (110 kilograms) and is 3.5 times the all-India consumption per hectare for
the same year.
Figure 22 illustrates the trend infertilizer use per cropped hectare in Bhatinda,
Ludhiana, and Gurdaspur during 1960{61-1979{80. Not only is the increase in
fertilizer use extraordinary, but so is the variation in usage by district. Consump-
tion rates per hectare increased from almost zero for all three districts to 140
kilograms inLudhiana, over 100 kilograms in Gurdaspur, butonly 60 kilograms in
Bhatinda.
The availability of tubewells is thought to have influenced the demand for
fertilizer, because the assurance of adequate and timely water through use of
tubewells allows more effective use offertilizers (Chadha 1986).
Figure 22 - Fertilizer percropped hectare in three districts, 1960-79










Source: Punjab, Swtislical AbstractsofPilI/jab (Chandigarh: Economic and Statistical Organization, various
years) .
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iiiItappears that despite the great increase in fertilizer use, in general, "sub-opti-
mal" levels are still being used (Kahlon 1984; Kahlon and Kaul 1968). Some
believe the use of fertilizer has been determined by its availability rather than
factors affecting demand. For example, Nicholson (1984, 150) argues, "it was
probably not the local distribution system that affected the access of the poor to
inputs, but the allocation of fertilizer within the federal system by the national
government, which created localized conditions ofscarcity and plenty." Forother
views see Desai 1982.
Mechanization
Although the increase in mechanization in Punjab is often associated with the
onset of the green revolution, there had been a substantial increase in the use of
tractors before 1966. Table 3 illustrates the growth in tractors for Ludhiana,
Bhatinda, and Patiala, as well as for Punjab as a whole, from 1956 to 1978. As can
be seen, the increase in the number oftractors has been phenomenal.
Many reasons have been cited for the increase in mechanization: subsidization
of tractors by thegovernment, availability of cheap institutional credit, and large
remittances from abroad (Chadha 1986). In addition to these factors, the growth in
agricultural productivity during the green revolution helped make tractors profit-
able in situations where they had not previously been economically viable. How-
ever, scarcity oflabor, which is largely seasonal innature, is mentioned most often
as the main reason for increased mechanization.
Binswanger (1978) argues that increases in wages have been responsible for
the increase in mechanization. However, data on tractor availability indicate that
the number of tractors increased considerably just prior to the green revolution,
when real wages reached their all time low (see below). Further, the demand for
labor increased during the green revolution, but as Schwarz (1986) notes, this
increase in demand was met to a large extent by labor migration to Punjab from
other states and thus prevented wages from reflecting the full impact of the
increased demand.
However, market wages may not tell the whole story. If hired labor and
operator labor are not perfect substitutes, then mechanization may have allowed
Table3-Indexoftractor numbers in Punjab agriculture, 1956-78
District 1956 1961 1966 1972 1978
Ludhiana 100.00 181.69 1,144.37 3,354.93 8,059.86
Bhatindaa .. 100.00 96.18 238.85 829.31
Patiala 100.00 124.39 215.96 978.80 2,507.76
Punjab 100.00 169.64 365.62 1,414.78 3,380.72
Source: Based on data from G. K. Chadha, The Stare and Rural ECOllomic Transformation: A Smdy ofPunjab,
1950~1985 (New Delhi: Sage, 1986).
aBhatinda data have not been adjusted for boundary changes.
37better use of the operators' time. Thus it may have been an increase in the shadow
wage rate of the farmers' time that generated the demand for tractors. This expla-
nation is consistent with the argument that the demand for timely completion of
field operations led to increased mechanization (Kahlon 1984). Unfortunately, data
on numbers of tractors are not available on an annual basis; therefore, the impor-
tance ofmechanization is not analyzed explicitly in this study.
Labor
A consistent time series is not available for labor in Punjab, so it is difficult to
analyze the changes in the agricultural labor force that have occurred over time.
Data are available every 10 years from the Indian census. These series are not
completely consistent, as definitions have changed over time.
Despite a negligible change in the number ofagricultural workers as a percent-
age of total workers, there has been a significant change in the composition of
agricultural workers. In Table 4 the number of male agricultural laborers is disag-
gregated into two groups, cultivators and agricultural laborers, and changes in
these groups are shown for 1961 to 1981 in both Punjab and India. The total
I\umber of male agricultural workers in Punjab grew 2.2 percent annually (com-
pounded) during 1961-81, while the number of agricultural laborers grew 6.1
percent and the number of cultivators less than 1.0 percent. The all-India data
exhibit similar trends, with the interesting exception that during 1971-81 the
proportion ofagricultural laborers in India declined. Thus, in comparison with the
country as a whole, the agricultural growth in Punjab generated a large demand for
laborers.
Although this study does not deal with the impact ofmigration on the changes
that have occurred, and vice versa, the substantial migration that took place needs
Table4-0ccupational classification ofrural male workers, 1961-81
1961 1971 1981
Occupation Number Percent Number Percent Number Percent
(thousands) (thousands) (thousands)
Punjab
Cultivators 1,424 57.8 1,610 54.1 1.662 49.8
Agricultural
laborers 307 12.5 739 24.9 967 29.8
Other 731 29.7 625 21.0 708 21.8
Total 2,462 100.0 2,974 100.0 3.337 100.0
(millions) (millions) (millions)
India
Cultivators 62.5 60.7 64.5 55.5 74.1 55.3
Agricultural
laborers 16.7 16.2 30.0 25.8 27.5 24.2
Other 23.8 23.1 21.6 18.6 27.5 20.5
Total 102.9 100.0 116.0 100.0 134.1 100.0
Source: Based on data from John R. Westley, Agriculrure a/ld Equitable Growth: The Case ofPUlljab-Haryano
(Boulder, Colo., U.S.A.: Westview, 1986).
Note: Parts may not Add to totals because of rounding.
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to be mentioned. For years, Punjab has attracted labor from the neighboring states
ofUttar Pradesh, Jammu and Kashmir, and Rajasthan. During the greenrevolution
the number ofmigrants increased substantially, and they have started to come from
places as far away as Bihar, Orissa, and Madhya Pradesh (Grewal and Sidhu 1979).
Unfortunately, the available data describing the changes in the flow oflabor from
outside Punjab are sparse. For a more detailed analysis oflabor see Schwarz 1986.
Price Policy and Prices
The key instrument in the agricultural pricing policy in India is the price at
which thegovernment procures foodgralns for the publicdistributionsystem."The
main features of this system, including restrictions on grain movement between
regions, government procurement in surplus districts, distribution and rationing in
urban areas, and administrative control over traders, date from the Bengal Famine
of 1943 and have been applied in various combinations in response to changes in
the volume of agricultural production. A major change took place in this policy
during the 1960s with the establishment of the Agricultural Prices Commission.
This Commission set procurement prices at a level remunerative to farmers to
promote greater reliance on domestic, rather than imported, supplies offoodgrain
for the public distribution system (Westley 1986).
This greater reliance on domestic sources offoodgrain for public distribution
led to a significant increase in Punjab's contribution offoodgrain to this program.
From the early 1950s to the mid-1960s, foodgrain procurement from Punjab aver-
aged less than 5 percent ofthe wheat crop and approximately 33 percent ofthe rice
crop. During the 1970s, however, government procurement accounted for approxi-
mately one-third ofits wheat productionand about three-quarters ofits riceproduc-
tion (Krishna and Raychaudhuri 1980). As of 1980/81, Punjab's contribution was
45 and 64 percentofthe rice and wheatprocurements, respectively (Westley 1986).
The increase in tonnage of crops moving through the regulated markets In
response to the new procurement policy of the 1960s caused serious problems. In
response to these problems, the state government established additional markets
and continued with its "crash" road program. By the mid-1970s, every village in
the region was connected to market by its own all-weather road (Chadha 1986), and
Punjab now has the most fully developed physical infrastructure for marketing in
all ofIndia (Westley 1986).
By essentially providing a guaranteed market for Punjabi foodgrain produc-
tion, the procurement policy has helped sustain the growth in theagricultural sector
without relying heavily on income-driven demand increases from the nonagricul-
tural sector. Thus, Punjabi efforts have continued to be heavily biased toward the
agricultural sector.
The foodgrain procurement program generally has relied heavily on market
incentives, but on some occasions the government has intervened through various
13For a review and description of the agricultural price policies in India see Kahlon and Tyagi 1983.
39zonal restrictions onfoodgrain movement. In 1973 theserestrictions were taken to
extremes as the government attempted a complete takeover ofthe wheat trade to
ensure higher procurement levels. This full-control policy was quickly abandoned
in 1974, and by 1977 the zonal restrictions were abandoned altogether. Since then,
the government has generally purchased all grain offered at the procurement price,
and this price has acted as a support price (Westley 1986).
Although the Agricultural Prices Commission sets procurement price levels,
these prices are strictly speaking only recommendations, and states have some
flexibility in setting their own prices. Since 1965, Punjab has generally set its
prices slightly above the recommended levels (Krishna and Raychaudhuri J980).
Chadha (1986) provides evidence that the prices set by the state government in
recent years have beengreaterthan thecostofproduction (including rentfor leased
land and imputed costs for all family resources) for bothwheatand rice. His figures
indicate that during the green revolution the procurement price of wheat was as
much as 42 percent higher than costs in 1967/68 and as little as 8 percent higherin
1975/76. This is in sharp contrast to the 1950s, when the full cost of wheat
production was covered by only a small margin on some irrigated tracts.
Figures 23 and 24 report the real mean wage rate and prices of all the crops
analyzed in this study for all districts. Each price series is deflated by its own 1979
price. Figures 25 and 26 present the real harvest price of wheat and rice for the
districts of Bhatinda, Ludhiana, and Gurdaspur. These prices are deflated by the
consumerprice index for Punjab (base = 1960/61).
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41Figure 26- Real wheat price in three districts, 1960-79
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Source: India, Farm (Harvest) Prices ofPrincipal Crops (New Delhi: DirectorateofEconomics and Statistics,
various years).
As is evident from these plots, the movement in real prices has varied consid-
erably over time. However, most striking is the declining trend in the prices of
wheatand rice that beganinthemid-1960s. Thepriceofwheatincreasedsomewhat
in 1973, but returned to the trend line inthe subsequent year. The downward trend
in wheat price roughly followed that in world prices and was facilitated by in-
creases indomestic production.
Figure 23 indicates thatmeanreal wages reached anall-timelowjustbeforethe
onset of the green revolution. Wages then trended upward until the early 19708.
Following this increase, they declined until 1974. Some of this decline may be
attributed to poor weather conditions. Thereafter, real wages begin to recover, but
not sufficiently to surpass the peak in the early 1970s.
Expected Revenues
As explained in Chapter 5, a measure ofexpected revenue perhectare (deflated
by the wage rate) is used as an indicator of the profitability of the different crop
varieties. Expected revenues for the different crops (by techniques) in the rabi and
42
idTable12-Average short-runarea elasticities, rabi season
WheatCropArea
Modern Irrigated Gram Crop Area
Variable
ll Variety Traditional Dry Total Irrigated Dry Total
Expectedp'rices
WHEAT 0.349 -1.978 -0.268 -0.033 -0.470 0.D28 -0.147
GRAM -0.010 -0.101 0.035 -0.011 0.285 -0.279 -0.079
Expectedyields
MVWHEAT 0.672 -2.700 0.142 -0.218 -0.077
IRRIGATED GRAM -0.010 -0.101 -0.016 0.286 0.101
Constraints
IRRIGATlONb
PRIVATE 1.169 -2.524 -1.593 0.306 -1.497 -1.232 -1.323
GOVERNMENT D.601 -0.414 -0.574 0.349 -0.196 -1.792 -1.224
AREA'
PRlVATE1RRlGATION 0.746 -0.554 -0.032 D.415 -0.281 0.055 -0.065
GOVERNMENT1RRlGATION 0.319 1.571 0.710 0.470 0.878 0.098 0.372
DRY -0.202 0.938 0.707 0.106 0.589 1.063 0.897
EPERT1LlZER 0.137 -0.822 -0.390 0.009 -0.186 -0.216 -0.206
ROADS 0.162 -0.304 -0.039 0.069 0.176 0.302 0.257
Notes: Elasticities are calculated by simulating the model (with fixed quasi-fixed inputs) with the appropriate
changes (for example. wheat price = wheat price x 1.01) and comparing results with the base run predic-
tions. Elasticities reflect average changes in the area for Punjab overthe sample period from the base run.
aSee Table 6 for definitions ofvariables.
bThe expansion in irrigated area occurs through a conversion ofdry land to irrigated land.
cThcexpansioninnet cropped AREAisanalyzedunderthree differentassumptions: theexpansionoccurs through
an increase in PRIVATEly irrigated- lands, the expansion occurs through an increase in land irrigated by the
GOVERNMENT, and theexpansion occurs through increase innet DRY area.
differences between the wheat and rice results may reflect differences in the
intensity with which land is cultivated in the two seasons.
A strong positive area response withrespect to expected yields is observed for
the superiorvarieties. An increase in yields ofthe MV wheat and ricefavors them
at the expense of the traditional varieties. In the cases where only one technique
exists for the production of a given crop, the elasticities wilh respect to yield and
price ate identical. This is not the case for MV wheat and rice where the two
diverge, because the composition of techniques changes in response to the shock
under consideration. In tenus of the current fonuulation, it can be shown that the
elasticity ofSH with respect to price is equal to the sum of the elasticities with
respect to YH and with respect to YT The latter is negative and therefore the
elasticity with respect to YH is larger than the price elasticity}' Holding total area
constant, this result also applies to area rather than share. As expected, the area
responses with respect to expected yields ofMV wheat and rice are considerably
larger than those with respect to price.
27'in accordance wih thediscussion onp. 59. tenus are rearranged as shownbelow:




Variety Traditional Dry Total
Expected prices
RICE 0.188 -0.193 0.261 0.068
MAIZE -0.039 0.015 0.054 -0.006
COTTON 0.130 -0.056 0.l!7 0.046
Expected yields
MVRlCE 0.294 -0.363 0.031
IRRIGATED MAIZE -0.039 0.015 -0.012
ffiRIGATED COTTON 0.130 -0.056 0.037
Constraints
IRRIGATIONb
PRIVATE 0.098 0.697 -1.039 0.276
GOVERNMENT 0.094 -0.311 -0.678 0.002
AREA'
PRIVATE IRRIGATION 0.336 0.696 0.109 0.434
GOVERNMENTlRRlGATION 0.326 -0.120 -0.1l! 0.175
DRY 0.126 0.020 0.539 0.091
E FERTILIZER 0.2l! 0.208 0.123 0.151
ROADS 1.268 -0.926 -0.068 0.405
Notes: Elasticities are calculated by simulating the model (with fixed quasi-fixed inputs) with the appropriate
changes (for example, rice price:=" rice price x 1.01) and comparing results with the base-nmpredictions.
Elasticities reflect average changes in the area for Punjab over the sample period from the base ron.
8See Table 6 for deIinitions ofvariables.
b.rhe expansion inirrigated area occurs through a conversion ofdry land to irrigated land.
cThe expansion innet cropped AREAis analyzed underthree different assumptions: the expansion occurs through
an increase in PRIVATEly irrigated lands,the expansion occurs qrrough an increase in land irrigated by the
GOVERNMENT, and the expansion occurs through increase in net DRY area.
Thearea elasticities with respectto the various constraintsarealsosummarized
inTables 12-14. Thearea elasticities with respect to anincreaseinbothprivateand
government irrigation through the conversionofdry cropped area indicate thatthe
competition among the irrigated and dry varieties varies by crop." In the rabi
season, area alIocated to MV wheat increases at the expense of alI the other
irrigated and dry varieties as the availability ofprivately irrigated land increases.
These elasticities are alI large in absolute value, indicating a substantial change in
the composition oftechniques. The negative elasticities for the dry varieties with
respect to irrigated arealare consistent with, and thus supplement, the earlier
finding thatthe rabi irrigated varieties aresubstitutesfor the rabi dry varieties. The
relative magnitude of the MV wheat area elasticities with respect to private and
government irrigated areas is consistent with the contention in the literature that
tubewelIs (private) are more conducive to the adoption of MV wheat than are
government canals.
In tenus of the kharij crops, alI varieties of cotton are losers as dry area is
converted to private or government irrigated lands. Irrigated maize and MY rice
28 Lateriilthis discussion, area response to an increase in irrigated area brought about by bringing new
land into production is also analyzed.
71Table14-Averageshort-runmaize and cottonareaelasticities
Maize Area Cotton Area
Variablea Irrigated Dry Total Irrigated Dry Total
Expected prices
RICE -0.042 0.025 -0.032 0.048 0.274 0.054
MAIZE 0.160 -0.010 0.133 -0.020 cO.406 -0.028
COTION -0.055 -0.062 -0.056 0.045 0.446 0.053
Expected yields
MVRICE -0.049 -0.042 0.059 0.058
IRRIGATED MAIZE 0.160 0.135 -0.020 -0.020
IRRIGATED COTION -0.055 -0.047 0.045 0.044
Constraints
IRRIGATIONb
PRIVATE 0.564 -1.754 0.216 -0.016 -1.124 -0.033
GOVERNMENT 0.748 -0.754 0.516 -0.302 -0.722 -0.306
AREA·
PRIVATE IRRIGATION 0.477 0.244 0.436 0.414 -0.156 0.405
GOVERNMENTIRRIGATION 0.546 0.151 0.481 0.198 0.714 0.207
DRY -0.086 0.963 0.080 0.237 0.715 0.246
E FERTILIZER -0.013 -0.411 -0.069 -0.065 -0.312 -0.068
ROADS -0.363 0.885 -0.175 0.302 0.026 0.298
Notes: Elasticities are calculated by simulating the model (with fixed quaSi-fixed inputs) with the appropriate
changes (for example, rice: price = rice price )( 1.01) and comparing results with the base-ron predictions.
Ehlsticities reflect average changes in the area for Punjab over the sample period from the base run.
aSee Table 6 for-definitions ofvariables.
bUeexpansion in irrigated area occurs through a conversion ofdry land to irrigated land.
cThe expansion innetcropped AREAis analyzed under three different assumptions: the expansion occurs through
an increase in PRIVATEly irrigated lands, the expansion occurs through an increase in land irrigated by the
GOVERNMENT, and the expansion occurs through increase in net DRY area.
bothbenefit,while the dry varieties ofboth thesecrops areadversely affected. Area
allocated to irrigated traditional rice increases if the dry land is converted to well
irrigation, but decreases if the land is irrigated by government canals. Irrigated
traditional rice has a largerpositive elasticity with respectto an increase inprivate
irrigationthan does MV rice. This finding is explained by the competition between
MV wheat and MV rice for these resources described earlier. These same findings
are not seen when the land is converted to canal irrigation, as MV wheat does not
have as much ofa distinct advantage overthe other varieties onthese lands.
The responses to a change in net cropped area are examined under three
different scenarios: the additional area is irrigated privately, theadditional area is
irrigated by government canals, and the additional area is not irrigated. When the
increase in net cropped area occurs through an increase in net dry area, the area
allocated to all varieties increases, with the exception ofMV wheat and irrigated
maize. An expansion in cropped area through an increase in .area irrigated by
government canals increases area allocated to all crop varieties except irrigated
traditional and dry rice. Onthe otherhand, iftheincreaseinnetcroppedareacomes
in the form of more land irrigated by tubewells, area allocated to dry cotton,
irrigated and dry wheat, and irrigated gram decreases. The adverse effect of an
expansion in private irrigation on more varieties when compared with a similar
expansion in government irrigation can be explained by the bias ofprivate irriga-
tion toward the adoption ofMV wheat.
72An increase in the availability offertilizer has a positive effect on all varieties
ofrice, which again reflects the fertilizer intensity ofrice. As expected, MY rice
benefits the most. The increase in rice area as more fertilizer becomes available
occurs at the expense ofall the otherkharijvarieties. Inthe rabi season, MY wheat
competes for land with irrigated traditional and dry wheat and irrigated gram as
more fertilizer becomes available. Further, the availability of roads is positively
related to therateoftransforruationfrom thetraditional varieties to theMYs ofrice
and wheat.
SummaryofArea Allocation Decisions
At this point, it is useful to summarize the discussion of the area allocation
results. First, and foremost, the results suggest that changes in the availability of /
quasi-fixed inputs have very significant intertechnique effects. In particular, the
area elasticities indicate that the pace oftransition to the MYs ofboth wheat and
rice is positively influenced by the availability of all the quasi-fixed inputs. Sec-
ond, given fixed levels ofthe quasi-fixed inputs, it is clear that changes in incen-
tives lead to important changes in the composition of techniques. However, the
magnitude of the area elasticities suggests that the intertechnique effects due to
changes in the availability of quasi-fixed inputs are often severalfold larger than
the same effects due to changes in the incentives (in absolute value).
Somewhatmorespecifically, the area elasticities indicatethatalltheown-price
elasticities for the superior varieties ofeach crop are positive and fairly inelastic.
Similarly, the area responses ofthesuperiorvarieties to changes intheirrespective
expected yields are also positive. The responseS of MY wheat and rice area to
changes intheirexpectedyields aremore than twice theirresponse to ownexpected
price.
The results also suggest that the dry and irrigated varieties in the rabi season
competewitheachotheras incentives changeand the constraints are relaxed, while
some of the kharijirrigated and dry varieties do not. Further, the kharijvarieties
compete with the r-abi varieties for irrigated area. In general, an expansion in
irrigated area favors the rabi crops at the expense of the kharij crops. As noted
earlier, this finding is consistent with the possibility that further increases in
irrigated crops inthe rabi season require land to be left fallow inthe kharijseason.
The implications ofthe intertechnique effects due to changes in incentives and
the availability of quasi-fixed inputs are assessed by obtaining elasticities of the
total area allocated to each crop (over all techniques).
The own-price elasticities of total area planted to wheat and gram in the rabi
season are all negative. For instance, a value of -0.033 is obtained for wheat. On
the otherhand, thecorresponding values for the kharijcrops areall positive. Given
thisfinding and the factthat the owri-price areaelasticitiesforthe superiorvarieties
ofeach crop are all positive, it appears that the competition between varieties ofa
particular crop is greater in the rabi season than in kharijseason. In contrast to the
own-price elasticities, the area elasticities by crop with respect to the expected
yield ofthe superior varieties are all positive.
Although the area elasticities by variety suggest considerable substitutions
within the varieties of both wheat and rice as the availability of the quasi-fixed
inputs increased, the net effects for total wheat and rice area due to changes in any
of these variables are all positive. Further, the magnitude of these elasticities are
73large relative to the elasticities ofwheat andrice area withrespect to the incentive
variabks. .
In'addition, the area.elasticities indicate that areaallocated to maize increases
as net cropped andirrigated area increase, yet decreases as the availability ofroads
and fertilizers increases. Area allocated to cotton increases as new land is brought
into productionbutdecreases as dry croppedlandis irrigatedandas the availability
offertilizer increases.
Determination ofYield
The specific variables included in the yield equations and the results are
described .in Tables 15 and 16, respe",tive1y. Note that no price variables are'
included in any ofthe final yield equations, as their coefficients were all insignifi-
cant. This finding is discussed indetail below.
With the exception ofgram yield, the equations fit the data well. The signifi-
cant technology variables indicate the importance of the composition of tech-
niques, chosen in the earlier planting decisions, in the detennination of overall
yieldby crop. Thatis, thesevariables indicate theimportanceoftheamountofarea
allocated to MY wheat and rice and to irrigated gram, maize, and cotton inoverall
yield "nhancement. The technology effect is particularly important in wheat, rice,
andmaize. To assess thefull impactofachangeinthe choiceoftechniqueonyield,
the coefficients on the interaction variables of technology with fertilizer and rain
should also be considered. However, withtheexceptionofthetechnology-fertilizer
variable in the cotton equation and the technology-rain variable in the wheat
equation, the coefficients on these variables are not significantly different from
zero and therefore are ignored.
The availability offertilizer per net cropped area has a positive effect on the
yields ofall crops. However, the effect is weakand, with the exception ofcotton,
is notsignificant. The least significant intratechnique effects due to an,increase in

















Proportion ofcotton area irrigated
Proportion ofmaize area irrigated
Proportion ofrice area inmodem varieties
Proportion ofwheat area in modern varieties
Proportion ofgram areairrigated
Proportion ofcotton area in American variety
Fertilizer available pernet cropped area:
(nutrient kilograms ofN,P:Ps,K20/hectare)
Districtrainfall (em) June-September
District rainfall (em) July-September
Districtrainfall (em) October-April













Note: All yieldS are measured inmetric tons per hectare.
aThe distrlctsare listed in Table 16.
74Table16-Estimates ofyield equations
Explanatory Dependent Variable: Yield















FERTILIZER 0.00316 0.00.141 0.00189 0.00201 0.00116
(1.30) (1.66) (1.00) (1.46) (2.2)
FERTILIZER x
TECHNOLOGY -0.00301 -0.00314 0.00115 -0.00121 -0.00135
(-1.27) (-1.69) (0.59) (-0.74) (-2.45)
Environment
RAIN" -0.00955 -0.00437 0.00212 -0.00118 0.002306
(-2.12) (-0.64) (0.94) (-0.36) (1.58)
RAINa x
TECHNOLOGY 0.00342 0.00622 0.00183 -0.01200 -0.002679
(0.53) (0.35) (0.59) (-2.82) (-1.69)
GURDASPUR -0.04956 0.15099 -0.26179 0.28494 -0.01734
(-0.52) (1.50) (-2.14) (1.86) (-0.55)
AMRITSAR 0.02278 0.24668 -0.04082 -0.4578 -0.05036
(0.28) (1.61) (-0.36) (-3.03) (-3.62)
KAPURTHALA -0.14989 -0.06487 0.08303 -0.44721 -0.01692
(-1.87) (-0.67) (Om) (-3.07) (-1.07)
JULLUNDUR -0.01944 0.18406 0.09981 -0.07571 -0.01692
(-0.24) (1.96) (0.86) (-0.58) (-1.12)
FEROZEPORE -0.05916 0.03467 0.15042 -0.77452 0.04403
(-0.73) (0.37) (1.26) (-5.32) (2.70)
LUDHIANA 0.56211 0.15204 0.10365 0.13624 0.02481
(6.83) (1.39) (0.89) (0.93) (1.80)
BHATINDA 0.0199 -0.0135 0.2426 -0.80803 0.04682
(0.24) (-0.15) (2.03) (-4.77) (3.25)
SANGRUR -0.02861 0.06731 0.02659 -0.45212 0.0337
(-0.35) (0.69) (0.23) (-2.73) (2.09)
INTERCEPT 1.43853 0.71832 0.93329 0.41233 -0.14679
(16.44) (5.80) (6.13) (1.32) (-1.18)
R2 0.8314 0.172 0.8334 0.5388 0.7164
Notes: Thenwnbers inparentheses are t-statistics. SeeTable 15 for defmitions ofvariables.
aTtic relevant rain variables include RABRAIN for wheat and gram yields, KHARAIN for rice and maize yields
and COTRAIN for cotton yields.
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